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Abstract. This paper presents a case study of modeling postgraduate students flow at the College of Art and Sciences, 
Universiti Utara Malaysia. First, full time postgraduate students and the semester they were in are identified. Then 
administrative data were used to estimate the transitions between these semesters for the year 2001-2005 periods. Markov 
chain model is developed to calculate the -5 and -10 years projection of postgraduate students flow at the college. The 
optimization question addressed in this study is ‘Which transitions would sustain the desired structure in the dynamic 
situation such as trend towards graduation?’ The smoothed transition probabilities are proposed to estimate the transition 
probabilities matrix of 16 x 16. The results shows that using smoothed transition probabilities, the projection number of 
postgraduate students enrolled in the respective semesters are closer to actual than using the conventional steady states 
transition probabilities. 
Keywords: markov chain, smoothing technique, students flow 
PACS: 02.50.Ga  
INTRODUCTION 
Higher educational institutions in Malaysia have encountered more challenges in recent years than perhaps in 
any other segment. The rapid expansion of programs, departments and colleges in universities in terms of number of 
students enrolled and quality has had a profound impact on the entire society. The economic and social needs 
associated with higher educational institutions have caused many segments of the institutions to observe their 
performance with renewed and increased interest. Universiti Utara Malaysia is one the public university in Malaysia. 
The number of students in the university has been increasing each year. A result of these events is an increased 
awareness of interest in the performance of students in the university. Much of this attention centers on the lag 
between the time students are admitted and the time they are graduating. The purpose of this paper is to investigate 
the flow of students in one of the colleges in the university that is College of Art and Sciences (UUMCAS) via 
Markov Analysis, with a little modification on its matrix transition diagram. 
 Markov Analysis has been used in various fields. Applications of particular relevance to the present research are 
the study by Guo [2], Armacost and Wilson [1], Nicholls [3], Al-Awadhi and Konsowa [5] who applied Markov 
Analysis to predict student enrolment to the university. Adyda and Hashibah [4] used Markov chain to model 
undergraduate students flow at Universiti Utara Malaysia. Other related study is by Bessent and Bessent [6], where 
the study was concerned with the progression of doctoral students to complete so as to determine if the number of 
current admissions was creating an undesirable future dissertation overload for supervising professors. The studies 
have reported valuable insights as a result of using Markov Analysis. All of these study use conventional matrix 
transition diagram to model students flow, however our study propose a smoothing matrix transition diagram based 
on a three-year moving average probability as an alternative to model postgraduate students flow. 
The outline of this paper is as follows. The next section describes the nature of the problem. It sets more 
precisely the questions to be answered. Then the conceptual framework is suggested to analyse the matter and 
presents the required probabilities and matrices. The following section presents and discusses the results and finally, 
the conclusion and directions for future researches. 
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BACKGROUND OF THE PROBLEM 
At present Universiti Utara Malaysia (UUM) official policy follows the traditional two semesters for each 
academic session (June and November Semesters) for the UUM Sintok Campus and three semesters (June, October 
and February Semesters) for off-campus study centre. The university offers the undergraduate programmes and 
postgraduate programmes and operates separately by colleges; College of Arts and Sciences (UUMCAS), College of 
Business (UUMCOB) and College of Law, Government and International Studies (UUMCOLGIS). This paper aims 
to analyse the postgraduate students flow within one of these three colleges. Even though the study includes master 
and PhD students with part time and full time study either by full research, coursework or coursework and 
thesis/dissertation, we only present data and results for full time master students as these category of students is the 
majority of the postgraduate students in campus. Normally, students will finish their study in an estimated period of 
time which according to the university requirements. Master programmes have their own requirement duration of 
study. It can be separated into student’s status whether part time study or full time study. The requirements for 
completing masters degree for full time students is minimum of two semesters and maximum of six semesters. The 
official policy outlining the program of study at the university requires that students attend continuously, 
realistically; however, many students do not attend for the whole consecutive semesters. They may lack the 
intellectual or academic desire necessary to study. They may also be academically dismissed for one semester until 
they are reinstated to the university system for one more chance. In addition, they may face difficulties adjusting to 
the university environment and regulations. A remark by the administrative officer at UUMCAS is the average time 
a student spends in the program was more than three years. Because of this reason and other possibilities of social 
and economic factors, it was decided that a study of students flow at College of Art and Sciences in Universiti Utara 
Malaysia was necessary so that the university would understand and explain the nature of student progression and 
set some basis objectives, evaluate the options available to admission policy and decision makers and able to 
recommend appropriate adjustments to existing policies and procedures pertaining to admissions, transfer, leave of 
absence, student advising and counseling services. 
 
THE CONCEPTUAL FRAMEWORK 
Mathematical Formulation 
The Markov modeling approach has been used for modeling the flow of full time master students. The use of the 
Markov chain in predicting future enrolment figure is in matrix form. The transition proportion of students from one 
period to the next is formulated in a matrix form and it is called the transition matrix. This transition matrix will be 
used to estimate future enrolments by multiplying it with the current number of students’ admission. 
The Markov chain model can be expressed by:  
 
( ) ( ) ( )n t Z t c D t   (1) 
 
where  
( )n t :  the vector of number of students in each state at time t  
( )Z t :  the matrix of number of students moving from state i at time t  to state j  at time 1t  . 
c :       the unit vector  
( )D t : the number of students from transient state i  at time . t  to absorbing state j at time 1t  . 
The equation (1) above gives the information that the number of students at the starting year composed of students 
who will survive into the next year plus those who will leave the system in that year. This research includes students 
who dropout and graduate from study.  
The transition matrix can be represented by: 
 






  :Q t the probability of students make a transition from state i  at time t  to state j  at time 1t  . It is also  
known as the matrix of transition proportion.  
   :n t  a diagonal matrix whose diagonal elements are the elements of  n t . 
In this study we propose the use of three years moving average, which is given by  
 
  ( ) ( ) ( )1 2 3Q t Q t Q t Q t    (3) 
 
where , 1,2,3it i  , is three consecutive years of students study duration. The smoothing technique of 3-year moving 
average is proposed for use in calculating the matrix transition probabilities because the flow of students in the four 
years of academic study (2006-2010) is considered short term data range. 
Data Analysis and Transition Probabilities 
Data was obtained from student’s records of UUMCAS full time master students file. The data sample cover 
semesters from the semester of the academic year 2005 - 2006 to semester of the academic year 2009 - 2010. 
Historical data of full time master students from UUMCAS were investigated. Individual student’s record containing 
academic status and grade reports of students sample in the respective semester were examined. The transition 
process of the full time master students at UUMCAS from one state to another through one academic year (1 year) 
over the 3- years duration of study, starting from semester A051 intake until A081 intake. The transition process is 
shown in matrix form as in Table 1, Table 2, Table 3 and Table 4. 
 
TABLE (1). Full time Master Students (CAS) Enrolment Transitions by age classification  



































21-25:A                  
21-25:B                  
26-30:A    35  13         5 1 54 
26-30:B                  
31-35:A      21  3       5 4 33 
31-35:B                  
36-40:A        8  2     3 1 14 
36-40:B                  
41-45:A          5  2   2 0 9 
41-45:B                  
46-50:A            3   0 0 3 
46-50:B                  
Over 50:A              3 0 0 3 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 
Total               0 0 116 
 
In Table 1, the last column shows the total number of students in each state who began their studies in the July 2005 
(A051) and November 2005 (A052) intakes and continued on (to the next year) or stop (dropped out or graduated) 
from their studies in the July 2006 intake (A061). For example, UUM CAS had a total of 116 students, of which 54 
students were at the age range of 26-30. Each row in the matrix indicates where students started and ended in a 
particular state. For example in row three, it can be interpreted that, from the 54 students who commenced the 
course at the age range of 26-30 in A051, 35 students continued on to the next year (A061) in the same age range 
26-30, while 13 students were in the age range 31-35. Both groups of students were in the second year of enrolment. 
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From the 54 students who commenced at the age range of 26-30, 5 students dropped out from their studies while one 
student graduated at A061. For other values in the tables, follow the same definition. 
 
TABLE (2). Full time Master Students (CAS) Enrolment Transitions by age classification from  




































21-25:A  1  1           0 0 2 
21-25:B                  
26-30:A    81  10         18 11 120 
26-30:B                  
31-35:A      26  2       7 10 45 
31-35:B                  
36-40:A        7  1     3 4 15 
36-40:B                  
41-45:A          3     0 2 5 
41-45:B                  
46-50:A            4  1 2 0 7 
46-50:B                  
Over 50:A              1 1 0 2 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 
Total               0 0 196 
 
 
TABLE (3). Full time Master Students (CAS) Enrolment Transitions by age classification 




































21-25:A  2  7           3 4 16 
21-25:B                  
26-30:A    80  5         24 21 130 
26-30:B                  
31-35:A      30  5       4 7 46 
31-35:B                  
36-40:A        12  3     3 1 19 
36-40:B                  
41-45:A          11     3 1 15 
41-45:B                  
46-50:A            1  1 1 0 3 
46-50:B                  
Over 50:A              1 0 0 1 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 







TABLE (4). Full time Master Students (CAS) Enrolment Transitions by age classification  




































21-25:A  7  17           10 3 37 
21-25:B                  
26-30:A    58  5         22 5 90 
26-30:B                  
31-35:A      14  4       6 4 28 
31-35:B                  
36-40:A        8       0 0 8 
36-40:B                  
41-45:A          1     1 2 4 
41-45:B                  
46-50:A            1   0 0 1 
46-50:B                  
Over 50:A              1 0 0 1 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 
Total               0 0 169 
RESULTS AND DISCUSSION 
The overall number of full time mater students enrolled at UUM in 2007 is about 402 students which vary by 
programmes. The average of the transition probabilities for the three years of intake which is from July 2006 (A061) 
until July 2009 (A091) is calculated to smooth out any instability, especially on the trend toward graduation. The 
average of the transition probabilities is shown in Table 5 and provides smoothed transition probabilities over 3-
years versus 1-year transition time. The smoothed transition probability is then used to project the continuing 
students (B) for the A061, A071, A081 and A091 intake. The enrolment for the A061 intake as shown in Table 6 is 
obtained by multiplying the smoothed transition probabilities matrix (Table 5) by the individual state totals from the 
A051 intake (Table 1). The projection for the A071 intake will use data forecasts of A061 as input, and the 
projection for the subsequent year, A081 and A091 follows the same manner. 
 




































21-25:A  0.27  0.47           0.06 0.08 1.00 
21-25:B                  
26-30:A    0.65  0.06         0.19 0.10 1.00 
26-30:B                  
31-35:A      0.58  0.10       0.15 0.17 1.00 
31-35:B                  
36-40:A        0.70  0.07     0.12 0.11 1.00 
36-40:B                  
41-45:A          0.53     0.15 0.32 1.00 
41-45:B                  
46-50:A            0.63  0.16 0.21 0 1.00 
46-50:B                  
Over 50:A              0.83 0 0 1.00 
1389
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 1.00 
 
TABLE (6). Projected enrolment of Continuing Full-time Master Students (CAS) for July 2006 (A061) intake using a smoothed 































21-25:A                
21-25:B                
26-30:A    35.1  3.2         38.3 
26-30:B                
31-35:A      19  3.3       22.3 
31-35:B                
36-40:A        9.8  1.1     10.9 
36-40:B                
41-45:A          4.8     4.8 
41-45:B                
46-50:A            1.9  0.5 2.4 
46-50:B                
    Over 
50:A 
             2.5 2.5 
    Over 
50:B 
               
   Total  81.2 
 
































21-25:A                
21-25:B                
26-30:A    24.5  2.3         26.8 
26-30:B                
31-35:A      12.9  2.2       15.1 
31-35:B                
36-40:A        7.6  0.8     8.4 
36-40:B                
41-45:A          2.5     2.5 
41-45:B                
46-50:A            1.5  0.4 1.9 
46-50:B                
    Over 
50:A 
             2.1 2.1 
    Over 
50:B 
               







































21-25:A                
21-25:B                
26-30:A    17.3  1.6         18.9 
26-30:B                
31-35:A      8.7  1.5       10.2 
31-35:B                
36-40:A        5.9  0.6     6.5 
36-40:B                
41-45:A          1.3     1.3 
41-45:B                
46-50:A            1.2  0.3 1.5 
46-50:B                
    Over 50:A              1.7 1.7 
    Over 50:B                
   Total  40.1 
 
































21-25:A                
21-25:B                
26-30:A    12.1  1.1         13.2 
26-30:B                
31-35:A      5.8  1       6.8 
31-35:B                
36-40:A        4.5  0.5     5 
36-40:B                
41-45:A          0.7     0.7 
41-45:B                
46-50:A            1  0.2 1.2 
46-50:B                
    Over 50:A              1.5 1.5 
     Over 50:B                
   Total  28.4 
 
Comparison of Markov Chain Enrolment Projection Using Conventional Steady States 
Transition Probabilities and Smoothed Transition Probabilities 
The prediction for the future number of postgraduate students in the session includes students who are 
commencing the course for the first time (new students) and also students who are continuing their studies to the 
next semester (continuing students). To measure the accuracy of the model, a comparison with the historical data 
using mean absolute percent error (MAPE) is developed for results projection of the A061, A071, A081 and A091 
sessions.  The results in Table 10 below shows that by using the conventional steady state transition probabilities, 
the percentage errors between the Markov results and the actual are small (less than 10%) at the A061 and A071 
sessions but exceed 10% at the A081 and A091session. However smoothing matrix transition diagram produce 
better MAPE but the trend towards later session is quite similar to conventional steady state matrix transition results. 
This may be due to the fact that many students have graduated in this session. Hence, the predicted value is far from 
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the actual enrolment. Therefore, we suggest that the results of dropouts and graduates obtained at this session are 
more meaningful for analysis.  
 
TABLE (10). Comparison of result between the actual data and Markov Chain Model of Full-time Master Students (CAS) using 
conventional steady state transition probabilities and smoothed transition probabilities 
Semester 




      New (A) 
      Continuing (B) 
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      Continuing (B) 
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      Continuing (B) 
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      Continuing (B) 






















Result in Table 10 shows the Markov projection obtained using steady states transition probabilities and 
smoothed transition probabilities. From the results, we propose that Markov chain model using smoothed transition 
matrix is more suitable to predict the enrolment projection in the future especially when there is a dynamic flow of 
student admission. For example in this study, there is a change in trends towards graduation after 3 years of study. 
Hence, by considering the moving average transition probabilities towards graduation, the enrolment projection for 
future intake can be improved. 
 
CONCLUSIONS 
In this study, the Markov chain model is proposed for postgraduate students flow at the College of Arts and 
Sciences (UUMCAS) in Universiti Utara Malaysia. Historical data of the number of postgraduates in the college can 
be used to develop transitions to and from each semester session for four consecutive years. The results yield better 
estimates of the actual data for the first three years but are less accurate for the fourth year where most postgraduate 
students are expected to have graduated. Having this situation, a smoothing technique using moving average is 
proposed to estimate the mean probability of states in the matrix transition diagram of Markov chain model. The 
results show better estimates of the postgraduate student projection than using the conventional steady states 
probability. Therefore, the smoothing technique of moving average is proposed to estimate the mean probability in 
the matrix transition diagram when there is a small number of states occur before absorbing states has been reached.  
 
ACKNOWLEDGMENTS 
We would like to convey our sincere thanks to University Utara Malaysia for providing grant for us to study the 
research problem at hand. We would like to acknowledge and extend our heartfelt gratitude to Zarina Ismail an 
information system officer at Universiti Utara Malaysia who has helped us in providing information towards the 
completion of this research. Her cooperation and smoothes during the data gathering process really helped us in 




1. R. L. Armacost and A. L. Wilson, Using Markov chain models to project university and program level enrolment (power 
point slides), Annual Conference ,2004.  
2. S. Guo, Three enrollment forecasting models: Issues in enrollment projection for community colleges, 40th RP Conference, 
California, 2002. 
3. M. G. Nicholls, Higher Education 53, 769–790 (2007). 
4. I. Adyda and H. Hashibah, “Markov chain in modeling Universiti Utara Malaysia undergraduate student flow”, Research 
Report University Utara Malaysia, 2007. 
5. S. A. Al-Awadhi and M. Konsowa, An application of absorbing Markov analysis to the student flow in an academic 
institution, 1st Arab Statistical Conference, Amman, Jordan, 2007. 




Copyright of AIP Conference Proceedings is the property of American Institute of Physics and its content may
not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.
